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Netrins 及其受体。然而，关于 Netrin-1 在血管新生中究竟是作为促血管新生的因
子还是作为抑制血管新生的因子还存在争议。 
近期我们的研究首次发现 Netrin-1 的受体 UNC5C 在发育中的血管系统中
表达，提示其可能参与了血管生长的调控。鉴于前期报道中 Unc5c 基因敲除小
鼠并未展现出血管方面的缺陷，而且在人内皮细胞中的表达情况也存在争议，因
此本篇研究我们将探讨 UNC5C 在发育中血管新生过程中的作用。 
在我们前期研究中，首先我们通过半定量 PCR 技术检测到 Netrin-1 家族受
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2 
 
的 UNC5C 受体可能的下游信号通路。我们的结果发现，敲低 UNC5C 可以激活
ERK 和 AKT 信号，并且抑制 Caspase-3 信号，从而促进了血管新生。 
综上所述，通过鸡胚和斑马鱼模型，结合干扰和过表达技术，通过在体外
和体内水平实验，我们初步证明了 UNC5C 在对发育中血管新生发挥一个负调控
因子作用，这与 UNC5C 作为排斥性导向受体结论一致。本篇研究对 UNC5C 在
血管新生中作用的揭示是对Netrin/UNC5 分子在血管系统中作用认识的新突破，




















Angiogenesis designates the formation of new vessels from preexisting ones, 
and occurs mainly during development. Tight control of this process is a prerequisite 
to avoid dysregulated vessel growth or remodeling (excess or defect in angiogenesis), 
the underlying causes of several diseases conditions. Thus, molecular insight into 
these patterning processes has significant biological and therapeutic implications. 
However, the molecular mechanisms that direct and control vascular growth processes 
are still incompletely understood. Growing lines of evidences have indicated that the 
vascular and the nervous systems of vertebrates share a high degree of anatomical 
similarity as well as the common guidance molecular system to ensure proper wiring. 
We are now aware that all four canonical families of neural guidance molecules and 
receptors, including Netrins and theirs receptors, have some members involved in 
angiogenesis. However, data reported led to the apparently contradictory conclusions 
for the roles of Netrin-1 as a pro- or an antiangiogenic factor. 
 Recently we found for the first time that UNC5C, a Netrin-1 family receptor, 
is expressed in the developing vascular system, implying UNC5C might participate in 
vessel growth patterning. While few studies of UNC5C in vascular system were 
reported, function of UNC5C in angiogenesis remains to be elucidated due to the facts 
that no obvious defects in the vascular system have been observed and previous 
reports on its expression in cultured human endothelial cells (hECs) remains 
discrepancy. This study is to investigate the roles of UNC5C in the course of 
developmental angiogenesis.  
In our previous research, we detected the expression of Unc5c in chicken 
angioblast by utilizing semi quantitative RT-PCR assay. Moreover, we identified the 
UNC5C expression in three human endothelial cells through quantitative real-time 
PCR. We further demonstrated that UNC5C is selectively expressed in the endothelial 
cells of the developing vascular system in both chicken and zebrafish embryo by in 
situ hybridization. Interestingly, Unlike Netrin receptor UNC5B, the expression of 
















in the arteries. Disruption of the Unc5c gene in chick embryo by the RCAS 
interference system, which is tailor-made for chickens with a modified chicken 
microRNA operon driven by a potent chicken U6 promoter, led to abnormal vessel 
branches and increased capillary sprouting both in yolk sac and in the embryo proper. 
We demonstrated also that the decrease of UNC5C promotes microvessel formation in 
an ex vivo chick aortic ring assay. Knocking down Unc5c in zebrafish by a splice 
blocking MO led to ectopic branching and path finding defects of intersegmental 
vessels, and this might not be associated with absence of the parachordal vessel that 
mentioned in previous reports. 
To further elucidate the function of UNC5C, we evaluated the effects of 
knockdown UNC5C on cultured human endothelial cells (HUVEC and HUAEC) in 
vitro. We found that knockdown of UNC5C stimulates tube formation, proliferation 
and migration of human endothelial cell in vitro. Since the signaling pathways 
downstream of UNC5C in ECs are not clear, we also made a preliminary study on the 
downstream signaling pathway of UNC5C, which may involve these proliferation, 
survival and migration effects. Our results indicated that knockdown of UNC5C 
receptor promotes angiogenesis through the activation of ERK and AKT signaling and 
suppression of Caspase-3 pathway. 
In conclusion, by loss of function and gain of function strategies in both in vivo 
and in vitro assays on chicken and zebrafish model, we preliminary identified UNC5C 
as a novel negative regulator in developmental angiogenesis, consistent with its role 
as a repulsive guidance molecular. Our research has gained new insight into the 
functions of Netrin/UNC5 ligand and receptor system, and offered some valuable 
information for cracking the confusion of Netrin-1/UNC5B. 






























































图 1.1 内皮细胞的来源和新生血管的形成 
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